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@ Protective ballistic paneL 



@ A protective ballistic panel includes a firsMm- 

pact. front layer (2) and a spaced rear layer (4) each 
of which (s made of a relatively tough, n on metallic 
material. The front and rear layers are connected to 
one another at their respective periplieries by an 
intermediate peripheral strip (6) made of an at least 
semi-elastic material such as foamed poiyuretftane 
or rubber. The peripheral strip (6) together with the 
frorrt and rear layers define an enclosed hermetically 
sealed air space (8) between said front and rear 
layers. The front and rear layers are each of lami- 
nated construction and comprise plural plies of com- 
posite material such as Kevlar, glass fibers, ballistic 
nylon and graphite fibers. The protective capacity of 
^ the first-tmpact front layer (2) can be increased by 
1^ piDviding a plurality of Kevlar plies therein together 
with an at least one intercalated ply of Mylar film, all 
of the plies of the front layer (2) being connected 
together by a laminating compound or by rivets. 
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The present invention relates to a ballistic panel for 
protection against proiectiles, shrapnel, and the 
like. 

In recent years increasing use has been made, 
for armoring purposes, of composHe matsrials 
based on libers of ballistic nylon, Keviar, carbon 
and others. Armor panels made of composites 
formed of tfiese and similar materials excel rn their 
stopping power, which is higher than that of the 
metal plates used before. 

These panels are used as body armor (e.g., 
bullet-proof vests), appropriately shaped as protec- 
tive helmets, in aircraft (seats of attack helicopters 
to protect the gluteal region of the crew) and on 
ground vehicles (waits of armored personnel car- 
riers). 

Two general criteria are decisive as to the 
protective efficacy of a ballistic panel: 

a) Its capability of stopping a projectile or shell 
fragment; 

b) Its capability of absorbing the momentum of 

the prc^ectile or fragment and distribute it over 
the panel surface, to prevent what is known as 
"trauma effect", the tatter referring to tJie effect 
due to nor-penetrative Impact on the protective 
panel which is liable to produce a local deforma- 
tion that, propagated to the body of the wearer, 
may cause injuries such as serious contusions, 
broken ribs, etc., 

While priornart. single-layer or monolithic ballis- 
tic panels may have been satisfactory with respect 
to the first of the above criteria, they failed with 
respect to the second, being unable to eliminate 
the trauma effect. Another disadvantage of the 
prior-art panels is their high cost, which is due to 
the very high price of the abovd-mentioned com- 
posite materials. 

It is one of the objects of the present invention 
to overcome the disadvantages of the prior-art bal- 
listic panels, and to provide a panel that has not 
only a very high projectile-stopping capability, but 
is also relatively free of the trauma effect, and that, 
furthermore, requires less Off the expensive com- 
posite material to produce a given projectile-stop- 
ping capability or, alternatively, shows a higher 
stopping capability lor the same weight of compos- 
ite used. 

According to the invention, this is achieved by 
a protective ballistic panel comprising a first-im- 
pact, front layer and a rear layer in spaced-apart 
relationship, both made of a relatively lough, non- 
metallic material, and a connective, intermediate 
layer in the form of an at least peripheral strip 
made of an at least semi-elastic material, wherein 
said peripheral strip substantially hermetically en- 
closes and, together with said front and said rear 
layer, defines an ear space. 

The invention will now be described in connec- 



tion with certain preferred embodiments with refer- 
ence to the following illustrative figures so tfiat it 
may be more fully understood. 

With specific reference now to the figure In 

5 detaH, ft is stressed that the particulars shown are 
by way of example and for purposes of illustrative 
discussion of the prsfen^d embodiments of the 
present Invention only and are presented in the 
cause of providing what is believed to be the most 

10 useful and readily understood description of the 
principles and conceptual aspects of the invention. 
In this regard, no attempt is made to show struc- 
tural details of the invention in more detail than Is 
necessary for a fundamental understanding of the 

IS invention, the description talcen with the drawing 
making apparent to those skilled In the art how the 
several fonms of the invention may be emtwdied in 
practice. 
In the drawing: 

ao F^. 1 is a perspective view, Including a ver- 
tical and a partial, horizontal cross 
section of the ballistic panel in the 
form of a bullet-proof vest according 
to the invention. 

26 Referring now to the drawing, there is seen in 
Rg. 1 as a non-restrictive, actual example, a part of 
a body annor, such as a bullet-proof vest, consist- 
ing of a first-impact, front layer 2 produced from a 
relativefy heavy <6-7 mm) sheet of one of the 

30 above-mentioned composite materials, and a rear 
layer 4 of the same material, but thinner (0.8-1.5 
mm). Each of these "layers" is itself a laminate 
comprising a plurality of basic plies, the heavy, 
first-impact layer of the embodiment shown being 

35 formed of 30 basic plies, the thinner, rear layer, of 

5 pRes. the panel thus comprising a total of 35 
piles. 

These two layers 2,4 are connected via a strip 

6 running around the entire periphery of the amnor, 
40 the strip 6 being cemented on one of its sides to 

layer 2, on the other, to layer 4. The strip is 
advantageously made of a semi-elastic, closed-cell, 
foamed materiel such as, e.g.. polyurethane or, 
aKernaflvely, a similarly processed rubber. Assem- 
46 bling the two layers 2 and 4 and the peripheral 
strip 6 produces an air space 8, substantially her- 
metically sealed off by the strip 6 and having a 
width determined by the thickness of the strip, i.e.. 
about 12 mm. 

50 Given the above design, the previously men- 
tioned advantages of the ballistic panel according 
to the present invention are due to the following: 

1) Part of the impacting projectile's energy 
causes deformation of the peripheral strip 6 

55 between the layers 2 and 4, and Is absorbed by 
the strip, being turned into heat. 

2) Between the two layers 2 and 4 there is 
created a plUow of air confined in space 8 by 
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the peripheral seal formed by the strip 6. This 
air pillow constHutes itseK an elastic element 
diffusing the projectile's momentum over the 
large surface of the rear layer 4, thereby pre- 
venting local deformation of the tatter in the 
region of the hit, i.e., preventing or at least 
greatly attenuating the trauma effect. 
Comparative tests with pointed ammunition 
showed the ballistic panel according to the inven- 
tion to stop projectiles that penetrated the conven- 
tional ballistic panel. Attenuation of the trauma ef- 
fect was tested on targets consisting of the respec- 
tive ballistic panels to be compared, backed by a 
10 cm plastldna layer. Using round-noaed anrvnunl- 
tion, the indent produced In the plasticine backing 
by the projectiles hitting the ballistic panels had a 
depth of 16 mm with the panel according to the 
invention, as against a depth of 32 mm with the 
conventional, single-layer ballistic panel consisting 
of the same amount of plies (35). 

A distinct enhancement of the protective ca- 
pacity of the ballistic panel according to the inven- 
tion was seen to result from the intercalation, b&- 
tween the plies of the heavy front layer 2, of a 
single ply of Mylar film. For instance, if, as given 
earlier by way of example, the front layer 2 was 
composed of 30 single plies of Kevlar, the above 
improvement would demand the inclusion, say, as 
10th ply, of a Mylar fflm conf<)mrii!ng in shape to the 
shape of the Kevlar plies, but being provktod with a 
plurality of perforations through which the laminat- 
ing compound (which will not join Kevlar and 
Mylar) will bind the 15th and 17th (Kevlar) plies. To 
even better ensure the integrity of the front layer 2, 
it was found helpful, after intercalafion of the Mylar 
ply, and prior to the assembly of the entire panel, 
to rivet the Kevlar/Mylar/Keviar contposlte togerther. 

The ballistic panel according to the Invention 
has also proved to be superior to prior-art panels in 
its protective capacity against knife attacks. 

Tests carried out according to the German 
Standards (DIN) showed that an energy of 100 Nm 
will cause a 10 mm thtek Kevlar panel to be pene- 
trated. The panel according to the invention, having 
the same weight, required 150 Nm and more. 

Theoretk»dly, these results can be explained 
by the equation 

Mv- R 

where 

Mv B momentum (mass x vek>dty), and 

Ft a impulse (force x time). 
Due to the elasticity of the peripheral strip 6, 
the time t during which the impulse acts increases. 
Therefore, to maintain the magnitude of the product 
Ft, the force F wilt correspondingly decrease. 
The panels against knife attacks are advanta- 



geously made of polycarbonate and, notwithstand- 
ing the advantages and superiority of laminates for 
protection against high-speed projectiles and 
shrapnel, can be made out of monolithic or single- 

s layer material. 

It will be evident to those skilled In tiie art that 
the invention Is not limited to the details of the 
foregoing illustrative embodiments and that the 
present invention may be embodied in other spe- 

10 cific forms without departing from the spirit or 
essential attributes thereof. The present embodi- 
ments are therefore to be considered in all re- 
spects as ilkistFab've and not restrictive, the scope 
of the inventton being indicated by the appended 

IS claims rather than by the foregoing description, and 
all changes which come within the meaning and 
range of equivalency of the claims are therefore 
intended to be emt>raced therein. 

20 Claims 

1. A protective ballistic panel comprising a first- 
hnpact, front layer and a rear layer disposed in 
spaced-apart relationship to one another, both 

25 of said layers being made of a tough, non- 
metallic material, said front and rear layers 
being connected to one another at their re- 
spective peripheries by an intermediate periph- 
eral strip made of an at least semj-elastte 

so material, saki peripheral strip together with 
said front and said rear layer, defining an en- 
closed hermetically sealed air space between 
said front and rear layers. 

39 2. TTie ballistic panel as claimed In claim i. 
wherein saM firont and rear layers are each 
made of a material selected from a group 

including composites comprising Kevlar, glass 
fHoers, t>alli^ nylon and graphite fibers. 

40 

3. The ballistic panel as claimed In claim 1, 
wherein said peripheral strip is made of a 
dosed-cell, fbamed material selected from a 
group comprising polyurethane and rubber. 

4. The t)allistic panel as claimed in claim 1, 
wherein said front and rear layer are of un- 
equal thickness, said front layer being heavier 
than said rear layer. 

60 

5. The t)alHstic panel as claimed in claim 1. 
wherein both sakJ front layer and said rear 
layer consist of a pkirality of plies. 

56 6. The t>allistic panel as claimed in claim 1, fur- 
ther comprising at least one ply of a plastk: 
film intercalated between the plies of said front 
layer, which film Is provkled with a plurality of 
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perforations. 

7. The ballistic panel as claimed in clainr) 7, 
wherein said fiim is a Mylar film. 

6 

& Ttw ballistic panel as claimed in daim 6, 

wherein the plies of said front layer, includino 
said intercalated ply, are rh/eted together. 

9. A protective ballistic panel, substantially as io 
hereinbefore described and with reference to 
the accompanying drawing. 

IS 
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Fig. I 
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